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5 FLASHLAMP DRIVE CIRCUIT 

Cross-Reference to Related Applications 

This invention is a continuation-in-part of U.S. Patent Application Serial No. 
10/267,610, filed October 9, 2002, entitled "Flashlamp Drive Circuit" by Mikhail Inochkin, 
10 Vycheslav V. Togatov, and Peter O. Gnatyuk , which is a continuation of U.S. Patent 

Application Serial No. 09/797,501, filed March 1, 2001, entitled "Flashlamp Drive Circuit" by 
Mikhail Inochkin, Vycheslav V. Togatov, and Peter O. Gnatyuk, all of which are incorporated 
herein by reference in their entirety. 

15 Field of the Invention 

This invention relates to pulsed flashlamps and more particularly to improved drive 
circuits for such flashlamps. 

Background of the Invention 

20 Pulsed flashlamps, and in particular Xe filled flashlamps, are used in a variety of 

applications, including to pump various gas or other laser devices, in various photo, copying, 
optical detection and optical ranging applications, in cosmetology and in various dermatology 
and other medical applications. Such lamps normally operate at comparatively high peak 
voltage, current, and light intensity /power. In order to achieve such high values, power 

25 supplies or drives for such lamps typically employ a storage capacitor, which is charged 

between lamp flashes or pulses, in series with an inductor and some type of switch. Examples 
of switches used in the past have included thyristors, which once turned on, generally remain 
on until the capacitor has fully discharged, and transistors. Circuits, such as disclosed in U.S. 
Patent No. 4,524,289, which are a modified version of the more standard circuits indicated 

30 above, have also been used for driving flashlamps, the primary advantage of such circuits 

being that they require a smaller capacitor for a given flashlamp having particular voltage and 
current requirements. U.S. Patent No. 4,275,335 teaches a flash lamp drive circuit which 
detects flash lamp current or voltage to control capacitor discharge to maintain substantially 
constant light intensity. 
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However, none of the prior art circuits have the capability of producing quickly 
changing programmable pulse shapes for the flashlamp output, none of these circuits provide 
protection for circuit components during switch turn-on transitions, something which is 
generally required for high powered lamp applications, and none of the current circuits are 
5 capable of maintaining constant power output from the lamp, and thus constant lamp intensity, 
when there are fluctuations in lamp impedance, such fluctuations occurring, and sometimes 
being substantial, as a result of changes in lamp temperature, and as a result of other factors. 

Further, with the possible exception of the "335" patent, in none of these circuits is it 
feasible to produce flashlamp pulses of longer than several milliseconds, the latter problem 

10 resulting from the fact that the size of the capacitor utilized increases substantially linearly with 
pulse width and becomes prohibitively large for most applications beyond a few milliseconds. 
The size of the required capacitor for a given output is also increased by the relatively low 
efficiency in capacitor utilization in most of these prior art circuits, such circuits generally 
utilizing only 20-50% of the energy stored in the capacitor. However, there are applications, 

15 particularly medical applications, where the shape of the optical pulses is important in order to 
achieve a desired therapeutic effect, and in particular to achieve such effect without damage to 
areas of the patient's body not being treated. For example, in optical dermatology, it may be 
desirable to rapidly heat a target chromophore to a selected temperature, and to then reduce 
applied energy so as to maintain the chromophore at the desired temperature. There are also 

20 applications where pulses well in excess of a few milliseconds, for example on the order of 
several hundred milliseconds, may be desirable. The advantages of such long pulses in 
performing various optical medical procedures, including optical dermatology, is discussed in 
co-pending application serial no. 09/769,960, filed January 25, 2001 and entitled METHOD 
AND APPARATUS FOR MEDICAL TREATMENT UTILIZING LONG DURATION 

25 ELECTROMAGNETIC RADIATION. Flashlamps are one potential source of optical 
radiation in such applications. 

Finally, more efficient utilization of energy stored in the capacitor, which permits the 
use of smaller capacitors carrying lesser charge, is desirable in all flashlamp applications since 
it reduces the size, weight and cost of the lamp drive circuitry and enhances the safety of such 

30 drive circuits by reducing shock risks. An efficient drive circuit for flashlamps which permits 
pulses in excess of several milliseconds to be generated without requiring an excessively large 
capacitor and/or fast, programmable control of pulse shape is therefore desirable. 
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Another problem with flashlamps is that, in order to avoid premature failure of the 
lamp, it is desirable that discharge first be established in a low current density simmer mode 
prior to transfer to an arc mode. This is generally accomplished by triggering to initiate 
breakdown in the lamp with a triggering circuit, maintaining discharge with a low current DC 
5 simmer source and then providing the main current discharge for arc mode from completely 
separate circuitry. This duplication of components increases the size, weight and cost of 
flashlamp drive circuits; however, circuitry for permitting sharing of components for at least 
some of these functions does not currently exist. 

10 Summary of the Invention 

In accordance with the above, this invention provides, for one aspect thereof, a drive 
circuit for a pulsed flashlamp which includes a capacitor chargeable to a voltage sufficient, 
when applied across said lamp, to maintain a desired optical output in arc mode, an inductor 
connected in series with the lamp, a high-speed semiconductor switch connected to, when off, 
1 5 block discharge of the capacitor and to, when on, permit discharge of the capacitor through the 
inductor and lamp, a one-way path for current flow from the inductor through the lamp at least 
when the switch is off, a sensor for current through the lamp and a control operative in 
response to the sensor for controlling the on/off state of the switch to maintain relative power 
deviation a = AP/P 0 through the lamp substantially constant over a desired range of average 

P +P 

20 pulsed lamp powers P G . In the equation, power ripple AP = P max - Pmin, Po = max min and 

P max and Pmin are maximum and minimum power, respectively, of lamp hysteresis. Thus AP is 
high when P 0 is high and is low when P 0 is low. The control may have a reference voltage V re f 
applied thereto, V re f being a function of the selected P G . The control compares a function of 
Vref against a voltage function of the sensor output to control the on/off state of the switch. The 

25 switch may be turned off when the function of sensor output is greater than a first function of 
V re f (Vrefi) and is turned on when the function of sensor output is less than a second function of 
Vref (V re f2)T where V re n > V re n. The control may include a comparator having V re f applied as 
one input and an output from the sensor applied as a second input, the comparator being 
configurable to achieve a desired power ripple or hysteresis AP. The comparator may include 

30 a difference amplifier, V re f being applied to one input of the amplifier through a reconfigurable 
first voltage divider, and the output from the sensor may be applied to a second input of the 
amplifier through a second voltage divider. The first voltage divider is normally configured to 
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provide V re n to the amplifier, and may be reconfigured in response to an output from the 
amplifier when the switch is off to provide V re f2 to the amplifier. Alternatively, the comparitor 
may include an error amplifier, Vref being applied to one input of the error amplifier and the 
output from the sensor being applied to a second input of the error amplifier, the output from 
5 the error amplifier being applied through a reconfigurable voltage divider to one input of a 

difference amplifier, and a voltage indicative of lamp current being applied to a second input of 
the difference amplifier. The voltage divider is normally configured to provide Vrefl to the 
difference amplifier and is reconfigured when the switch is off to provide Vref2 to the 
difference amplifier. The lamp normally generates output pulses of a duration t p , with the 

1 0 switch being turned on and off multiple times during each output pulse. The capacitor is 
normally recharged between output pulses. The control may include a control which 
selectively varies V re f during each output pulse to achieve a selected output pulse shape. The 
one-way path may include a diode in a closed loop with the inductor and lamp, the inductor 
maintaining current flow through the lamp and diode when the switch is off. A mechanism 

15 may be provided which inhibits current flow through the diode from the switch during 

transition periods when the switch is being turned on and the diode is being turned off, this 
mechanism being a saturable inductor in series with the diode for preferred embodiments, and 
a saturable inductor may also be provided in series with the switch to inhibit current flow 
through the switch during such transition periods. 

20 The inductor preferably includes an inductance or load coil wound on a magnetic core 

which is non-saturating for the operating range of the drive circuit, which core may for 
example be formed of powdered iron. The coil preferably has a plurality of windings and is 
also wound on a second core having low losses at high frequency. A primary coil having a 
number of windings which is a small fraction of the plurality of windings of the inductance coil 

25 is wound at least on the second core and a circuit is provided for selectively applying a voltage 
to the primary coil, the voltage resulting in a stepped up trigger voltage in the inductance coil, 
which trigger voltage is applied to initiate breakdown in the lamp. The second core is 
preferably of a linear ferrite material. A DC simmer current source may also be connected to 
sustain the lamp in a low current glow or simmer mode when the lamp is not in arc mode. 

30 Various of the above features, including the features of this paragraph, may be utilized either in 
conjunction with other features of the invention or independent thereof. 
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Brief Description of the Drawings 

The foregoing and other objects, features and advantages of the invention will be 
apparent from the following more particular description of preferred embodiments of the 
invention as illustrated in the accompanying drawings, the same or related reference numerals 
5 being used for like elements in the various drawings. 

Fig. 1 is a schematic semi-block diagram of a circuit incorporating some of the 
teachings of this invention; 

Fig. 2 is a schematic semi-block diagram of a control circuit for use in the circuit of 

Fig. 1; 

1 0 Fig. 3 is a partially schematic perspective view of a coil suitable for use in the circuit 

Fig. 1; 

Figs. 4A and 4B are diagrams illustrating the current/power across the lamp and the 
voltage across the capacitor respectively during successive on/off cycles of the transistor 
switch for a single flashlamp pulse; 
15 Fig. 5 is a schematic semi-block diagram of an alternative preferred circuit for 

practicing the teachings of the invention; 

Fig. 6 is a schematic semi-block diagram of a control circuit for use in the circuit of 
Fig. 5; and 

Fig. 7 is a schematic semi-block diagram of an alternative control circuit for use in the 
20 circuit of Fig. 5. 

Detailed Description 

Referring first to Fig. 1, a pulsed flashlamp drive circuit 10 is shown for an illustrative 
embodiment of the invention. The circuit includes a capacitor C which is connected to be 
charged from a suitable power source 12. Power source 12 may be a 120 V, 240 V or other 

25 suitable line current, which may be suitably rectified or otherwise processed, may be a battery, 
or may be some other suitable power source. For illustrative embodiments, charge current 
from source 12 is only a few amps, for example one to two amps. A standard control circuit 
(not shown), including a switch, is provided to charge capacitor C to a selected preset voltage 
E and to prevent overvoltage. Capacitor C discharges through a high speed power switch 

30 transistor 14 which is connected to be driven from a control circuit 16, an exemplary such 

circuit being shown in Fig. 2. The output from switch 14 is applied through an inductor L to 
one side of pulsed flashlamp 18. The other side of flashlamp 18 is connected through a high 
speed current sensor to ground. The current sensor may be a resistor R as shown in Fig. 1, may 
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be a Hall effect device, or may be some other suitable current sensor. The junction of 
flashlamp 18 and the resistor R is connected as a feedback input to control circuit 16 and a 
reference voltage V re f is applied through terminal 20 as a second input to the control circuit. 
Where the current sensor is not a resistor, the feedback signal to the control circuit would be 
5 obtained from a point in the circuit appropriate for the sensor used. A free wheeling diode D, 
for example a high power diode with soft recovery, is connected between ground and the input 
side of inductor L, providing a closed loop path P for current flow from the coil through 
flashlamp 1 8, resistor R and diode D. As will be discussed in conjunction with Fig. 3, inductor 
L may include a multi-turn coil wound on a pair of adjacent cores, one of which functions as 

10 the core of a step-up transformer to induce a high voltage trigger pulse or signal for application 
to lamp 1 8. The trigger signal comes from a capacitor 22 under control of a switch 24. A 
simmer current source 26 is also provided to maintain low current glow discharge of lamp 18 
when the lamp is not in arc mode. Source 26 is typically a very low current source, typically 
less than one amp, and as little as a tenth of a amp or less for an illustrative embodiment. 

15 Fig. 2 shows a control circuit suitable for use as switch control circuit 16. Referring to 

Fig. 2, it is seen that the reference voltage V re f at terminal 20 is applied through a voltage 
divider formed by resistors Ri and R2 to one input of a comparison circuit or comparator 30, 
for example a difference amplifier. The resulting voltage at the input to comparator 30 V re n is 
desired maximum value of lamp current I max . Current sensor feedback voltage v R is applied 

20 through a voltage divider consisting of resistors R4 and R 5 to a second input of comparator 30. 
When V re n is greater than v R , comparator 30 generates an output on its direct output 32 which 
is applied through driver 34 to switch on power transistor 14, permitting capacitor C to 
discharge through inductor L and lamp 18. However, if V re n is less than v R , then comparator 
30 generates an output only on its inverse output 34 which is applied to turn on transistor 36. 

25 The absence of output on direct output 32 causes transistor 14 to switch off. Transistor 36 
being on causes resistor R3 to be added to the voltage divider for V ref , thereby reducing the 
voltage applied to the first input of comparator 30 to a V re f2 proportional to a minimum current 
Imin which is to flow through lamp 18. I max and I m i n are shown in Fig. 4A and are discussed in 
greater detail below. 

30 Fig. 3 is an enlarged diagram of an inductor L for an illustrative embodiment. This 

inductor being made up of a first core 40, a second core 42, a secondary winding 44 which 
function as a high voltage source during lamp triggering, and which also functions as an 
inductance coil or load winding, winding 44 being wound around both cores 40 and 42, and at 
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least one primary winding 46. which is shown as being wound on both cores 40 and 42, but 
need be wound only on core 42. While only a single primary winding is shown in Fig. 3, this 
winding may be made up of several windings placed around the circumference of the core to 
provide proper coupling. As shown in Fig. 1, a triggering signal is applied to primary winding 
5 46 from capacitor 22 under control of switch 24, which switch is preferably a semiconductor 
switch. The control input to transistor 24 is obtained from a control source which is not 
shown. Capacitor 22, which is typically relatively small, is charged from a power source 48 
which would normally be the same as power source 12, but need not be the same. 

For reasons to be discussed shortly, core 40 is of a magnetic material, for example 
10 powdered iron, which is non-saturating in the operating range of circuit 10, while core 42 is of 
a material having low losses at high frequency, for example a linear ferrite. While the cores 40 
and 42 preferably have the same inner and outer dimensions, the thicknesses of the cores may 
be selected so that each is of an appropriate size to perform its desired function, as discussed in 
the following paragraphs. 

15 

Operation 

As indicated earlier, in operation, in order to avoid premature failure of lamp 18 as a 
result of excessive vaporization of electrode material, acoustic shock effects on the lamp walls 
as the discharge goes directly to high current density arc mode or other causes, it is desirable 

20 that breakdown in flashlamp 18 be initially established by a voltage between the lamp 

electrodes of sufficient amplitude to establish only a weak discharge. This discharge may then 
be maintained with a low DC simmer current, permitting the much higher amplitude necessary 
to achieve the desired optical output to then be safely applied to the lamp. In the circuits of 
Figs. 1 and 3, this low current density simmer mode discharge is initially established by use of 

25 the same coil 44 used for the inductor L in the main discharge or arc mode, thus simplifying 
and reducing the size, weight and cost of the circuit. 

For an illustrative embodiment, coil 44 has approximately 25 windings or turns while 
primary coil 46 has approximately 2 turns, resulting in an over 10:1 step up ratio. Core 42 is of 
a size and material having low losses at high frequency, permitting transformation of the low 

30 voltage primary signal to the high voltage, fast rise time pulse necessary to break down the gas 

column in the lamp. The trigger pulse may for example have a duration of one Ms. A core 
material suitable for core 42 is linear ferrite. Since core 42 has a very small volt second 
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capacity, it saturates almost immediately when main voltages/currents are applied to the 
inductor, and its presence is therefore transparent for the lamp when in arc discharge mode. A 
voltage induced in winding 46 as a result of current flow through winding 44 is stepped down 
by for example a factor of 10 to 15 and is therefore not of concern. 
5 Alternatively, the trigger circuit may use two primary windings, each with a dedicated 

switch, which operate alternately in opposite directions, thereby utilizing the material of core 
42 at double its nominal flux capacity, and generating a bipolar trigger signal, further 
enhancing lamp breakdown. 

When trigger switch 24 is activated, current flows in primary winding 46 for a period 

1 0 on the order of 1 microsecond. Core losses in powdered iron core 40 prevent coupling of the 
two windings by this core; however, the high resistivity and low core losses of ferrite core 42 
permit effective coupling and transformation of the several hundred volt primary voltage to a 
several thousand volts secondary voltage level (for example 8KV) necessary for lamp 
ionization. This results in lamp break-down which is then maintained by the DC simmer 

15 current from source 26. As indicated earlier, the current from simmer source 26 is generally 
less than an amp and may be on the order of a tenth of an amp or less. 

For the main or arc mode discharge, capacitor C is charged to a value E from power 
source 12. Control circuit 16 is then enabled, for example by providing an enabling control 
signal to comparator 30 from an external control, for example a microprocessor, which is not 

20 shown. The control may for example operate in response to the detection of simmer current 
flow through the lamp. Since the current through lamp 18, and thus through resistance R, is 
initially substantially less than the I max current represented by V re f2, comparator 30 generates an 
output on its direct output line 32 to turn on transistor 14, permitting capacitor C to discharge 
through inductor L and lamp 18. This causes a rapid increase in the current flow through lamp 

25 1 8 and initiates the desired arc lamp discharge. 

Current continues to increase in lamp 18 until the current is equal to I max (see Fig. 4a) at 
which time the output on direct output line 32 terminates and comparator 30 generates an 
output on its inverse output 34. This results in transistor 14 being turned off and transistor 36 
being turned on. During the period that transistor 14 was turned on, the signal flowing through 

30 inductor L caused energy to be stored in the powdered iron core 40 of inductor L. When 

transistor 14 is turned off or opened, this energy discharges through path P, and thus through 
lamp 1 8 to maintain the desired discharge current therein. As indicated earlier, the turning on 
of transistor 36 results in a reduced reference voltage V re a applied to the direct input of 
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comparator 30 which is proportional to I m i n (Fig. 4a). Thus, transistor 14 remains off and 
transistor 36 remains on until the current through lamp 18 drops to I m j n , at which time the 
outputs from comparator 30 again reverse, signal appearing on line 32 to turn on transistor 14 
and being removed from line 34, thus turning off transistor 36. As seen in Figs. 4A and 4B, 
5 this results in another drop in the voltage across capacitor C and results in the current across 
lamp 18 again increasing from l min to I max . This cycle repeats until the desired pulse duration t p 
is reached, at which time the external control processor for example removes the enabling 
input from comparator 30. Fig. 4B shows the voltage across capacitor C remaining constant 
when transistor 14 is off or open, the control for charging of capacitor normally disabling 

10 charging during the arc mode discharge to prevent potential EMI between charge and 

discharge circuits. While this is not a limitation on the invention, charging the capacitor when 
in arc mode is of little consequence since the charging current is only on the order of one to 
two amps, while I 0 , the average discharge current through the lamp may be up to 250 amps or 
more. Fig. 4A also shows the on time of transistor 14 increasing for successive cycles. This 

15 follows from the drop in voltage across the capacitor (see Fig. 4B) for each cycle of switch 14. 

Each complete cycle of control circuit 16 lasts on the order of 25 microseconds for an 
illustrative embodiment, a time far beyond the volt-second interval capability of the linear 
ferrite used for core 42. The switching of transistor 14 thus occurs at tens to hundreds of 
kilohertz. Therefore, since the pulse durations t p contemplated for lamp 18 are generally in the 

20 millisecond range, and may, utilizing the teachings of this invention, be as long as 200 

milliseconds or more without requiring an excessively large capacitor C, there can be hundreds 
of cycles of transistor switch 14 for each lamp pulse. In accordance with the teachings of this 
invention, this permits the shape of the pulse to be controlled by modifying V re f ,either upward 
or downward, in order to increase or decrease lamp output during the course of a pulse, and 

25 thus to vary pulse shape. A processor, for example a microprocessor (not shown), may be 

programmed to control the V re f applied to terminal 20 for each cycle of transistor 14 in order to 
achieve a desired pulse shape for lamp 18. V re f may also be controlled to achieve a desired 
color temperature for the lamp (i.e. to control the temperature of the lamp so as to 
maximize/minimize selected wavelengths in the lamp output). However, because of the 

30 voltage dividers used in setting the inputs to comparator 30, the relative current deviation 

(X ~ AI/I G = Imax Imir/0.5 (Imax Imin) 

remains substantially constant, regardless of V re f, and 
thus of the average current I Q through the lamp. The values of the resistors Rl -R5 can be 
selected in a manner to be described later to achieve the desired substantially constant a. 
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Operating with a substantially constant a has a number of advantages. First, the 
mathematical condition providing the substantially constant relative current deviation is 

E 2 -V 0 2 )^t p (1) 

where E is a voltage across capacitor C, Vo is a voltage on the lamp, Po = Io Vo, Io is the 
5 average current on the lamp and t p is the duration of the flashlamp pulse. Since the mean 
current value Io does not depend on the initial voltage E on the capacitor and is set by the 
control circuit (I 0 = 0.5 (I max + I m i n )), E may be set as high as 3-4 times the voltage on the lamp. 
Since energy utilization is a function of (E 2 - V 2 /E 2 ) where V is the lamp voltage, this permits 
the maximum energy which can be delivered to the lamp during a pulse without power 

10 decrease to be approximately 90% of the energy stored in the capacitor [(i.e. (E 2 -V 2 )/E 2 

becomes (3 2 -l 2 /3 2 = 8/9 or (4 2 - l 2 ) /4 2 = 15/16], this being substantially greater than the 20- 
50% energy utilization of the capacitor in prior art circuits. The more efficient utilization of 
capacitor energy permits greater lamp input/output for a given capacitor or the use of a smaller, 
less expensive capacitor for a given lamp output. 

15 Further, while for prior circuits, the required value of the capacitor increases 

substantially linearly with increases in pulse duration, and normally becomes prohibitively 
large for pulses in excess of a few milliseconds, the circuit of this invention permits output 
pulses of up to several hundred milliseconds to be achieved without requiring any increase in 
capacitor value. In particular, for the circuit of Fig. 1, operating with A I/Io being substantially 

20 constant, the capacitance C is given by 

2W 

C= — r (2) 



where W is the total energy for the pulse of duration tp, and ko is the characteristic lamp 
impedance which is defined by the length "1" and the diameter "d" of the lamp discharge space 
(ko=1.281/d). 

25 Thus, the capacitor C is substantially independent of pulse width or duration t p and, in 

fact, decreases slightly for increased t p . By contrast, for most prior art circuits, the value of C 
increases linearly as a function t p . 

Still, another advantage of operating with a substantially constant AI/Io is that the value 
of the inductance "L" is inverse to the value of current deviation AI. Thus, by maintaining the 
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substantially constant relative current deviation a, the inductance value may be minimized, 
being substantially less than in some prior art circuits. 

In order to achieve the substantially constant relative current deviation a discussed 
above, the following relationship for the resistor R1-R5 of Fig. 2 are required 

£<^- (3a) 

R 2 = to/* 4 )-(2 + g) 
R x 2-(R 5 /R 4 )a 



l + (* 2 /*.) [a 2) 



(3c) 



The above equations assume that the voltage Vo corresponding to the mean value of lamp 
current I 0 is equal to V re f, this condition simplifying resistor network balancing. If R 5 = R4, 
then the calculation of resistors for a given ratio of relative current deviation a may be 
15 simplified to 



R 2 2 + a fA . 

-2- = (4a) 

R x 2-a 



3 8 a 



While the circuits described above can provide the indicated advantages so long as the 
lamp impedance Ko remains substantially constant, since illumination intensity is a function of 
average pulsed lamp power, where Ko varies during a light pulse, or between pulses, undesired 
variations in lamp intensity can also occur where lamp operation is controlled only in response 
25 to lamp current or lamp voltage. It has been found that this problem, caused by variations in 
lamp temperature or other causes, can result in variations of 10% to 20% or more between 
successive lamp pulses. These problems are overcome by the circuits of Figs. 5-7. While to 



- 12- 

simplify these drawings, components such as power source 12, simmer source 26 and the 
components of Fig 3 are not shown in these figures, these components could, if desired, be 
used with the embodiments of these figures for the same reasons and in the same way as for the 
prior embodiments. 

5 Referring to Fig.5, it is seen that, in additional to the missing parts discussed above, 

Fig. 5 also differs from Fig.l in that it includes a saturable inductor 50 between switch 14 and 
inductor coil L, a saturable inductor 51 in series with diode 5, a pair of series connected 
resistors 57a and 57b between the output side of inductor L and ground, and a high speed 
multiplier 59 having a voltage Vi indicative of lamp current as one input and a voltage Vv 

10 indicative of lamp voltage as its other input, the voltage Vv being taken at the junction of 

resistors 57a and 57b. While the voltage Vv is not equal to the lamp voltage, it is proportional 
to the lamp voltage, and any differences can thus be compensated for in multiplier 59, by other 
components of the circuit or in the selection of Vref. The output Vp from multiplier 59 is thus 
indicative of lamp power and is applied as the feedback input to switch control circuit 56. 

15 Saturable inductors 50 and 51 are provided in the circuit of Fig. 5 to protect switch 14 

and diode D respectively, as well as other circuit components from current overload during 
each switch turn on/diode turn off transition. In particular, during the period the switch is 
turning on, which may be from tens to hundreds of nanoseconds, diode D is still fully saturated 
with charge carriers as a result of the direct current flow therethrough from inductor L through 

20 path P. The recovery or closing time for the diode can be several tens of nanoseconds for the 
fastest diodes. This results in a low resistance spurious path for current flow through the 
switch and in the reverse direction through the diode. This current flow, which can easily 
reach several hundred amps, can damage the switch, the diode and other components in this 
spurious current flow path. Inductors 50 and 51 provide a high impedance to the spurious 

25 currents during the transition period until diode D recovers and then saturate so as to disappear 
from the circuit during normal flow of current from switch 14 through inductor L and lamp 18. 

Fig. 6 illustrates one embodiment of a control circuit 56 suitable for use in the circuit of 
Fig.5, which circuit is the same as that of Fig. 2, and operates in substantially the same way a 
the circuit of Fig. 2, except that the input to the difference amplifier through resistor R4 is 

30 indicative of lamp power rather then lamp current and Vref is selected to achieve a desired 
average pulsed lamp power rather then a desired average lamp current. Switch 36 still 
functions in the same way to provide the desired Pmax/Pmin hysterisis. However, since 
control of the lamp is based on detected pulsed lamp power rather then lamp current, 
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illumination can be maintained substantially constant regardless of variations in lamp 
impedance. 

Fig.7 illustrates an alternative control circuit 36' which may be advantageous in some 
applications. In this circuit, an error amplifier 60 is provided to which the Vp and Vref inputs 
5 are applied. The amplified power error output from error amplifier 60 is applied as one input 
to difference amplifier 62, the other input to this amplifier being a voltage indicative of lamp 
current. Switch 36 varies the error signal applied to amplifier 62 in the same way this 
component varies reference signals for prior embodiments to achieve the desired hysterisis. 
The remainder of the circuit functions the same as for prior embodiments. 

1 0 The circuit of Fig. 7 may reduce the speed requirements for multiplier 59, permitting a 

significantly less expensive multiplier to be utilized. This results from the error amplifier 
strongly integrating power ripple in the Vp input signal. The circuit of Fig. 7 also greatly 
decreases high frequency noise caused by switching of power components in the circuit. This 
increases stabilizing properties of the circuit on the pulse "shelves", but can distort the edges of 

15 the pulses. Therefore, the circuit of Fig. 7 is preferable for applications where long pulses with 
high stability of peak power are required, such applications including, for example, certain 
medical applications, while the circuit of Fig. 6 may be preferable for applications having short 
pulses and good dynamic properties for programmable pulse shape. 

While the comparator 30,62 is assumed to have a fixed hysteresis, so that an external 

20 reconfigurable voltage divider is required to vary the hysteresis, this is not a limitation on the 
invention and, if available, a comparator having a controlled or controllable variable hysteresis 
could be used, eliminating the need for the external voltage dividers. In addition, while the 
invention has been described above with reference to preferred embodiments, and various 
modification thereof have also been discussed, it is to be understood that these embodiments 

25 and the variations discussed are for purposes of illustration only and that the foregoing and 
other changes in form and detail may be made therein by one skilled in the art while still 
remaining within the spirit and scope of the invention which is to be defined only by the 
appended claims. 

What is claimed is: 



